The relation between pyloric motor activity, opening, and closure was examined in eight healthy men. Manometry was performed with an assembly combining 13 
virtual absence ofantral wail movement. At the pylorus, there was a zone of luminal occlusion less than 1 cm long that persisted for the period of observation. This zone of luminal occlusion corresponded precisely with manometric recordings of a narrow zone of pyloric phasic and tonic activity. During the duodenal triglyceride infusion, the pylorus was closed for 98*5% of the measurement period when basal pyloric pressure was 4 mm Hg or more, and during this motor pattern, barium did not traverse the pylorus. Localised pyloric contractions cause sustained pyloric closure, whether these contractions are phasic or tonic. These contractions occur independently of antral or duodenal contractions and may interrupt gastric emptying.
glyceride in association with suppression of antral pressure waves.'3 The pyloric phasic contractions usually occur at a rate ofabout 3/minute and have been named isolated pyloric pressure waves (IPPWs). Analysis of the mechanical patterns of the triglyceride induced pyloric motor response indicates that both the tonic and phasic components should be obstructive to flow of gastric contents into the duodenum.
In this study we have used a recently validated approach to pyloric manometry to investigate, in humans, the hypothesis that the pylorus has the capacity to interrupt gastric emptying. In order to do this, we stimulated localised pyloric tonic and phasic contractions with intraduodenal triglyceride infusion and observed fluoroscopically the effect of these contractions on pyloric opening and closure and the movement of barium from the stomach into the duodenum.
Methods

SUBJECTS
Studies were done in 11 healthy male volunteers whose mean age was 26 years (range 19 After a 12 hour overnight fast, a sleeve/side hole manometric assembly (see below) was passed through a nostril into the stomach. The subject then lay on his right side to help the passage ofthe weighted tip of the assembly into the duodenum.
The sleeve was then positioned so that it was astride the pylorus and the tip of the assembly was within the distal duodenum. Proper positioning of the assembly was assessed by three methods as follows: (1) progression of the distal end was observed by recognition of the usual fasting manometric patterns; (2) the location of the sleeve sensor was determined fluoroscopically before starting the experimental protocol, the sleeve having a metal coil built in along its length as a stiffener; (3) the exact location of the sleeve sensor across the pylorus was confirmed and subsequently monitored using continuous dual point transmucosal potential difference measurements (TMPD) (see below).
After positioning of the sleeve sensor astride the pylorus, and after the occurrence of the first episode of phase III of the interdigestive migrating motor complex, normal saline solution was infused at 1 ml/minute (four subjects) or 3 ml/ minute (four subjects) into the duodenum for five minutes. The infusate entered the duodenum 5 cm distal to the aborad margin of the sleeve sensor via a channel incorporated into the manometric assembly. A 50 to 100 ml bolus of a diluted barium sulphate suspension was then swallowed, the transpyloric flow of which was observed fluoroscopically for the subsequent three minutes with the subject lying on his right side in the position that displayed the pylorus best (see below).
After a 10 minute recovery period, and with the subject still lying on his right side, a triglyceride emulsion (Intralipid 10%) was infused into the duodenum, again at rates of 1 to 3 ml/ minute (four subjects at each rate) for five minutes. The volunteer then took a further 100 cc of barium and the distal antral and pyloric outlines were examined fluoroscopically for three minutes, during which manometric recordings were made and the triglyceride infusion maintained at the same rate.
The Intralipid 10% (Kabivitrum, Dorval, Canada) is a fractionated soya bean emulsion in water with 10 g of soya bean oil, 1-2 g of egg phospholipid, 2-25 g of glycerine/100 ml. Its osmolarity is 280 mOsm/l, and its caloric content is 1100 kcal/l (4620 kJ/l). Its major fatty acids are linoleic acid and oleic acid. MANOMETRIC 
TECHNIQUE
The methods of antropyloroduodenal manometry used in this study have been described in detail previously.'4 A 14 lumen manometric sleeve assembly was built specifically for these experiments. The 4 5 cm long sleeve was used to monitor pyloric pressures.'5 The arrangement of side holes is shown in Figure 1 . The side holes located at the upper margin of the sleeve, and at 2 5 and 5 cm orad to this level, monitored antral pressures. The side holes arrayed at 5 mm intervals within the sleeve length allowed assessment of the spatial patterns of pressure waves across the pylorus. Duodenal pressures were monitored from the three side holes 0, 2 distal duodenal side hole was used also to infuse the saline or triglyceride emulsion into the duodenum. A tungsten weight was incorporated into the distal end of the assembly to aid its passage from the stomach into the duodenum.
The side holes and sleeve sensor were perfused by two low compliance pneumohydraulic perfusion systems (Arndorfer Medical Specialties, Greendale, Wisconsin, USA, and Mui Scientific, Mississauga, Ontario, Canada). The reservoirs of both pumps were set at a pressure of 15 psi giving a flow of0 6 ml/min to each manometric channel. Degassed distilled water was used in all channels except the two side holes at the orad and aborad sleeve margins. These were perfused with normal saline from separate reservoirs so measurements of TMPD could be made concurrently with manometry.
Pressures were detected with external transducers -either model 4-327-1 (Bell and Howell Ltd, Pasadena, California, USA) or model 12N4696 (Cobe Ltd, Lakewood, Colorado, USA) -on two eight channel polygraphs, these being a Grass model 17D (Quincy, Massachussetts, USA) and a Sensormedics Dynograph 611 (Schiller Park, Illinois, USA).
TRANSMUCOSAL POTENTIAL DIFFERENCE MEASUREMENTS
Transmucosal potential difference was detected from the saline perfused side holes at both ends of the sleeve using previously described methods. '3 The saline perfusate transmitted the potential up the manometric assembly into the transducer dome from which a bridge containing 1 mol/l potassium chloride in 3% agar transferred the signal to a calomel half cell (Ionode, Brisbane, Australia). A saline filled subcutaneous electrode inserted into the forearm served as a reference electrode. The potentials were detected with a dual channel purpose built system which gave a continuous output to the Grass recorder (Multichannel p/pH system 1201, BME, Flinders Medical Centre, Bedford Park, South Australia, Australia).
The position of the sleeve was adjusted so that the following criteria for position were satisfied: (1) duodenal side hole TMPD equal to or more negative than -15 mV; (2) gastric side hole TMPD equal to or more positive than -20 mV; and (3) a gradient between the two TMPD side holes of greater than 15 mV.
RADIOLOGY
Fluoroscopy was done on a remote control table. Before manometric recordings were started, the optimal position for radiological evaluation of the pylorus was determined by giving the subject a small volume of barium sulphate. The subject was then positioned so that a right angled view of the pyloric canal was obtained, to permit evaluation of pyloric canal diameter and determine whether the pylorus was open or closed. This usually required a prone oblique position, occasionally supine oblique, both with the right side down, and with variable table tilt of up to 500. This position was maintained thereafter. A small field of view was used, approximately 6 x 6 cm, and gonads as well as the neck were shielded in all studies.
The radiation dosage was calculated using a 
Results
Studies were performed in 11 subjects, but incomrplete data were obtained in three early on in the project because the introduction of the barium into the stomach resulted in displacement of the sleeve into the antrum which could not be rectified by attempts at repositioning. Subsequently, this aborad movement of the pylorus was allowed for by passing the sleeve distally into the duodenum before giving barium. The data presented below are derived solely from the eight subjects in whom technically satisfactory recordings were obtained under the two study conditions.
The patterns of motility associated with intraduodenal triglyceride infusion were as described previously,'4 being pyloric tone, IPPWs, and suppression of antral and duodenal contractions (Fig 2) . By contrast, the dominant motor pattern associated with intraduodenal saline infusion was (Fig 2) . Data on the patterns of pyloric motility that occurred during the period of fluoroscopic observation in the eight subjects are given in Table I . Antropyloroduodenal waves occurred in the setting of absent pyloric tone in 7 of the 8 subjects. These waves occluded the lumen of the distal antrum as they advanced towards the already open pylorus. Pumping of barium was observed in advance of the lumen occluding contraction. The pylorus took part in the progression of the wave into the duodenum as the pressure wave and radiological zone of lumen occlusion were seen to traverse the side holes arrayed along the sleeve length. The six antropyloroduodenal waves that occurred in the subject in whom pyloric tone was present in association with saline infusion also propelled barium across the pylorus.
The radiological outlines of the antropyloroduodenal segment were distinctly different during the two study conditions. In association with triglyceride infusion, the antrum was globular and because there was no emptying of barium into the duodenum, it was not necessary to refill the antrum with barium as recordings were made. There was a deep, static, lumen occluding ring at the pylorus when pyloric tone and IPPWs were present. This ring was approximately 1 cm long as judged by comparison with the length of the spring wire which stiffened the sleeve (Fig 3) . This ring was always seen to be astride the sleeve length when the TMPD recordings satisfied criteria for correct positioning (see methods). The appearance ofthe ring did not change during IPPWs, indicating that tonic and phasic contractions occurred in an identical zone. The length of the pyloric lumen that was observed to be consistently occluded correlated well with manometry, as 89% (61/65) of all IPPWs recorded during fluoroscopy were seen in only one side hole indicating that the zone of localised pyloric contraction was usually equal to or less than 1 cm in length. In keeping with the radiological appearances, pyloric tone was recorded from the same side holes as IPPWs. The position of the side hole that recorded pyloric tone and IPPWs was in accord with the position of the lumen occluding ring on the pylorus, as judged fluoroscopically by reference to the sleeve spring wire stiffener.
In two subjects there was no discernible indentation of the antrum that was either temporally linked or independent of IPPWs. In the other six subjects, a detectable ripple of the antral contour which propagated aborally, but died out before it reached the terminal antrum was seen. The antral ripple was not accompanied by any increase in antral pressure nor was it clearly coordinated with IPPWs (Fig 4) .
In association with intraduodenal saline infusion, the antrum emptied rapidly and so required refilling with barium during the period of fluoroscopy. No discrete pyloric ring could be discerned (Fig 5) . Discussion These studies are the first performed in humans in which it has been possible to examine systematically the effect of pyloric tone and IPPWs on transpyloric flow. The observations illustrate how profoundly intraduodenal stimuli can alter both antropyloroduodenal motility and the movement of luminal contents. Our major finding is that intraduodenal triglyceride infusion induces a pyloric contraction pattern which causes sustained closure of the pylorus and cessation of gastric emptying.
It could be argued on the basis of simple mechanics and studies in other sphincteric regions, that it is unnecessary to show that the presence of a sustained pressure barrier at the pylorus would be associated with pyloric luminal closure and cessation of transpyloric flow. There has been much controversy about the mechanical roles of the pylorus and the motor patterns it displays."'0 6 There has also been scepticism about whether manometry is a reliable method for recording pyloric motility.'" We therefore considered it important to study directly the relation of patterns of pyloric pressure to pyloric opening and closure in humans. We used fluoroscopy, since this is the only technique that gives adequate resolution of the luminal contours on a second by second basis. The manometric technique used has been developed specifically for pyloric manometry and has been validated recently by us.'3 Our data in this study indicate clearly that a basal pyloric pressure more than 2 mm Hg above distal antral pressure occludes the human pyloric lumen and consequently prevents transpyloric flow, since the associated suppression of antral contractions means that there are no antral forces that can overcome this weak luminal occlusion. Our observations in this study now define the functional significance of pyloric motor responses that we have recorded manometrically in previous human studies. ' 
